INTRODUCTION {#sec1}
============

Prostate cancer (PCa) is the most common malignancy in males \[[@cit0001]\]. Radical prostatectomy (RP) is the gold standard for treatment of localized PCa \[[@cit0002]\]. RP can be performed by open, laparoscopic \[transperitoneal (TPRP), extraperitoneal (EPRP)\] or robot-assisted (RARP) approach.

The recommendations of the European Association of Urology emphasize the modern tendencies, in which RARP continues to actively become the intervention of choice \[[@cit0003]\].

The aim of this study was to compare functional and oncological treatment results achieved after a TPRP, EPRP and RARP.

MATERIAL AND METHODS {#sec2}
====================

Research design and patient characteristics {#sec2.1}
-------------------------------------------

From March 2015 to March 2016, 507 RP were performed. A total of 264 patients with localized (cT1a-2c) PCa (PSA \<20 ng/ml, Gleason score ≤7) \[[@cit0002]\] and a life expectancy of over 10 years were included into the prospective study. The following negative prognostic factors served as criteria for exclusion from the study: tumor progression stage ≥ pT2c (n = 16), verified lymphatic metastasis (n = 2), positive surgical margins (n = 3), adjuvant therapy during 12 months of observation (n = 7), lack of compliance with regimen in PDE-5 (tadalafil), daily dosing of 5 mg (n = 1) and PSA control every 3 months (n = 1). Patients with history of androgen deprivation therapy (n = 3) were not included in the study. All the surgeries were performed by a single experienced surgeon. In order to assess co-morbidity, the following parameters were evaluated: patient age, body mass index (BMI) and potential postoperative complications risk via the ASA-PS scale after anesthesiologist consultation \[[@cit0004]\].

An extended pelvic lymph node dissection (PLND) was performed on patients with intermediate oncological risk (PSA = 10--20 ng/ml or Gleason score = 7, or cT2b) and lymphatic pathology risk of 5% according to the Briganti nomogram \[[@cit0002]\].

To assess early oncologic treatment effect, PSA dynamics were assessed with an interval of 3 months. An increase of PSA over 0.2 ng/ml in two consecutive measurements was established as a biochemical recurrence \[[@cit0005]\].

A nerve-sparing surgery was performed if a patient opted to preserve erectile function and had an absence of oncological contraindications \[[@cit0006], [@cit0007]\]. Robotic operations were performed by means of the Da Vinci System.

After removal of the urethral catheter, and at 3, 6, 12 months follow-up data from the DRIP-test and International Consultation on Incontinence Questionnaire-Urinary Incontinence Short Form (ICIQ-SF) were assessed. Continence was defined as the use of no pads \[[@cit0003]\].

Preoperative erectile function was tested in all patients according to the International Index of Erectile Function (IIEF-5) \[[@cit0008], [@cit0009]\]. Erectile dysfunction was diagnosed if IIEF-5 was below 19. None of the patients had diabetes or stroke in their history \[[@cit0010]\]. Quality of life of urological patients was assessed according to the Quality of Life (QoL) scale \[[@cit0011]\].

As a matter of prophylaxis and correction of erectile function postoperatively, patients were administered PDE-5 inhibitors. During discharge, patients received recommendations to perform Kegel exercises and come for an obligatory consultation 3 months after PSA analysis or earlier in case of complaint manifestation.

Surgical technique {#sec2.2}
------------------

Surgical treatment was performed via one of three approaches: TPRP, EPRP and RARP. In order to create a surgical working ground for the extraperitoneoscopic approach, a balloon-dissector was inserted into the Retzius retropubic space. A structural port was later installed along with 4 working ports (11 mm, 10 mm, two 5 mm). The laparoscopic approach accounted for the above-mentioned ports, but they were located 2--3 cm above. Next, excision of anterior prostatic fat was performed, which allowed us to visualize the border between the prostate and urinary bladder (UB). Next, the traction of the UB was performed, depending on the approach method: traction by means of Kelly forceps in the cranial direction in case of TPRP and EPRP or through traction made manually by grasper hold if RARP was performed. After dissection of the UB cervix the balloon-catheter was deflated. The prostate was lifted via catheter traction and a ligature, placed inside the catheter. The catheter was released into the suprapubic area and fixated with a clamp when performing a TPRP and EPRP, and in case of RARP a similar procedure was performed using a third robotic arm.

UB cervix dissection during a robot-assisted RP was performed using a monopolar dissector, for EPRP and TPRP -- via an ultrasound scalpel.

The prostate was extracted without cutting the pelvic fascia or puboprostatic ligaments \[[@cit0012]\]. Nerve-sparing was done intrafascially without thermal cutting towards the urethra. Prostate cruxes were clipped by non-absorbable polymer clips and a double titanium clip. Dissection of the prostate from the dorsal venous complex and the urethra was performed with an intraabdominal pressure of 20 mm Hg. The dorsal venous complex was stitched with a polyglycolic acid thread (3/0, 15--23 cm). The urethra was cut using cold scissors. The preservation of the urethra was a priority during all stages of treatment. RARP was combined with a posterior Rocco reconstruction. The anastomosis was formed between the urethra and urinary UB cervix via monocryl (3/00, suture material with two needles (5/8), length was 26 cm, for robot-assisted surgery -- monofilament incision thread (3/0, two threads 15 cm with 5/8 double needle ends).

After anastomosis, the tendinous arch was sutured to the UB. The specimen was extracted through a container via a trocar incision in the paraumbilical space. 'Surgicel' hemostatic sponges were used when necessary. Active drainage was removed postoperatively within 24 hours. The urethral catheter was removed depending on the vesicourethral anastomosis durability during cystographic examination.

According to the world-standards all the morphological specimens were investigated to reveal/exclude positive surgical margin \[[@cit0013], [@cit0014]\].

Statistical analysis {#sec2.3}
--------------------

Non-parametric Kruskal-Wallis criteria was used for multiple intergroup comparisons. In case of statistically proven differences between groups, the Mann-Whitney test was conducted. Non-parametric Wilcoxon test was used to analyze dynamic change in matched samples. Relevance of observed differences in categorical data was analyzed by the Pearson chi-squared test. Spearman rank correlation coefficient was used to analyze the correlation between approaches, nerve-sparing technique and functional and oncological treatment results. Multiple factor analysis was performed by the logistic regression model. To analyze recurrence-free period (RFP) Kaplan-Meier estimator was applied. The Mantel-Cox log-ranking test and Breslau test were used to analyze statistically significant differences in RFP rates after intergroup categorization. When analyzing RFP, censored cases were considered when patients lived with no signs of oncologic recurrence during the 12 months observation period. Non-censored cases were considered in case of recurrence within 12 months postoperatively. To determine precursors of statistically significant RFP -- function change, the Cox regression analysis model was used. All tests were two-sided, and p values ≤0.05 were considered statistically significant. All statistical analysis was performed using SPSS v.17.0 software.

RESULTS {#sec3}
=======

All acquired data was comparable, with no statistically significant distinctions among the groups in age, body mass index, prostate size, transrectal ultrasonic examination (TRUS), PSA level and Gleason index (p \>0.05) ([Table 1](#t0001){ref-type="table"}).

###### 

Demographic, clinical, perioperative and morphological data of patients depending on surgical approach

  ----------------------------------------------------------------------------------------------------------------------------------------
                                Total, n = 231          TPRP, n = 75            RARP, n = 90            ERP, n = 63             P value
  ----------------------------- ----------------------- ----------------------- ----------------------- ----------------------- ----------
  Age, years                    63.0 (60.0--67.0)       65.0 (62.0--68.0)       63.0 (59.0--67.0)       64.0 (61.0--67.0)       0.075

  Body mass index, kg/m^2^      28.0 (26.26--30.0)      27.78 (26.0--30.1)      28.0 (26.0--30.0)       28.94 (27.76--29.86)    0.070

  TRUS prostate volume, cm^3^   36.00 (27.0--50.0)      42.0 (27.0--56.0)       33.5 (27.0--40.0)       30.5 (28.0--50.0)       0.120

  Procedure time, min           180.0 (145.0--205.0)    180.0 (130.0--235.0)    200.0 (180.0--210.0)    147.5 (120.0--160.0)    \<0.001

  Blood loss, mL                200.00 (100.0--300.0)   200.00 (150.0--400.0)   200.00 (100.0--300.0)   200.00 (150.0--300.0)   0.017

  Nerve sparing, %\             \                       \                       \                       \                       \<0.001
   -- bilateral\                66.2\                   13.7\                   56.9\                   29.4\                   
   -- none                      33.8                    69.2                    3.8                     26.9                    

  Lymph node dissection, %\     \                       \                       \                       \                       \<0.001
   -- extended\                 50.6\                   60.0\                   63.3\                   27.7\                   
   -- none                      49.4                    40.0                    37.7                    73.3                    

  Cathether removal, day        8.0 (8.0--9.0)          8.0 (8.0--10.0)         8.0 (7.0--9.0)          8.0 (8.0--8.0)          0.001

  Pad-test                      0.0 (0.0--1.0)          1.0 (0--1.0)            0 (0.0--0.0)            0.0 (0.0--1.0)          \<0.001

  ICIQ--score SF\               \                       \                       \                       \                       \
   -- 3 months\                 13.0 (5.0--15.0)\       6.0 (0--9.0)\           10.0 (0--14.0)\         13.5(10.0--15.0)\       \<0.001\
   -- 12 months                 3.0 (0.0--8.0)          1.0 (0--1.0)            0.0 (0--6.0)            4.0 (3.0--7.0)          \<0.001

  Continence, %                 72.7                    52.0                    83.3                    81.8                    \<0.001

  IIEF--5 score\                \                       \                       \                       \                       \
   -- Preoperative\             20.0\* (19.0--21.0)\    19.0 (19.0--20.0)\      20.0 (19.0--20.0)\      21.0 (20.0--21.0)\      0.020\
   -- 12 months\*               5.0 (0--19.0)           3.0 (0--8.0)            19.0 (8.0--21.0)        5.0 (5.0--5.0)          0.001

  QoL                           1.0 (1.0--2.0)          1.0 (1.0--2.0)          1.0 (1.0--2.0)          2.0 (1.0--2.0)          0.019

  Tumor stage, %\               \                       \                       \                       \                       \<0.001
   -- pT1с\                     45.5\                   24.0\                   50.0\                   63.6\                   
   -- pT2a\                     18.2\                   24.0\                   23.3\                   4.5\                    
   -- pT2b\                     5.2\                    16.0\                   0.0\                    0.0\                    
   -- pT2c                      31.2                    36.0                    26.7                    31.8                    

  Pathologic Gleason score      6.0 (6.0--7.0)          6.0 (6.0--7.0)          6.0 (6.0--7.0)          6.5 (6.0--7.0)          0.041

  PSA, ng/mL\                   \                       \                       \                       \                       \
   -- Preoperative\             8.0 (5.88--10.0)\       8.0 (6.0--9.0)\         8.8 (5,8--12,24)\       7.0 (5.0--8.0)\         \<0.001\
   -- 3 months\                 0.01 (0.008--0.05)\     0.25 (0.008--0.8)\      0.0095 (0.001--0.02)\   0.0225 (0.01--0.1)\     \<0.001\
   -- 6 months\                 0.02 (0.08--0.8)\       0.3 (0.008--0.8)\       0.0095 (0.001--0.19)\   0.075 (0.025--0.12)\    \<0.001\
   -- 12 months                 0.03 (0.08--0.8)        0.3 (0.008--0.8)        0.01 (0.004--0.04)      0.08 (0.02--0.2)        \<0.001
  ----------------------------------------------------------------------------------------------------------------------------------------

ICIQ -- International Consultation on Incontinence Questionnaire, TRUS -- transrectal ultrasound, IIEF-5 -- International Index of Erectile Function, QoL -- Quality of Life, PSA -- prostate-specific antigen

Average operating time was 143.9 ±34.9 minutes for EPRP, 185.0 ±63.5 -- for TPRP and 203.0 ±33.8 -- for RARP (p ≤0.005).

Nerve-sparing RP was performed in 153 patients. This operating technique was not accompanied by significant distinctions in surgery time (p = 0.064) and average blood loss (p = 0.073).

One half of patients received a PLND (50.6%): robotic approach (63.3%) or laparoscopic approach (60.0%) were used more often than extraperitoneoscopic approach (22.7%). In the postoperative period, three complications were observed: one patient manifested lymphocele after enhanced pelvic laparoscopic PLND, lump drainage was necessary (Clavien grade 3a). Another patient after an extraperitoneoscopic approach surgery manifested with a hematoma, which was managed conservatively (Clavien grade 1). One patient after TPRP showed medium contrast leakage as a result of anastomosis partial failure. When examining morphological data, the presence of tumor cells in the anastomosis area was negative (negative surgical margin, R0). Absence of malignant invasion into surrounding structures was verified -- capsule was not penetrated (up to pT2c).

The urethral catheter was removed on the 8.82 ±2.55 day: 9.05 ±2.8 day if EPRP was performed; 9.52 ±2.97 -- in case of TPRP and 8.07 ±1.62 -- after RARP (p \<0.001).

The urethral catheter was removed on 8^th^ (8.0--9.0) day in case of nerve-sparing RP, and in case of RP without nerve preservation (NP) -- on the 8^th^ (8.0--10.0) day (p = 0.087).

Continence outcomes {#sec3.1}
-------------------

As per the data of ICIQ-SF scale after 3 months, distinctions in regard to urine continence in the observation groups were as follows: incontinence manifestation after TPRP and EPRP was severe; average grade was 13.24 ±5.25 and 13.05 ±5.13 respectively. At 3 months after RARP, the score did not exceed the average values (7.47 ±7.0, p \<0.05). At 12 months after TPRP ([Figure 1](#f0001){ref-type="fig"}), the grades were 6.20 ±5.77, after EPRP -- 5.74 ±0.0 and after RARP 2.73 ±3.77, for moderate and mild incontinence respectively.

![Continence at 12 months after radical prostatectomy, ICIQ score.\
TPRP -- transperitoneal, RARP -- robot-assisted, EPRP -- extraperitoneal](CEJU-71-1739-g001){#f0001}

In accordance with survey data of 24-hour pad-test one year after surgery, patients tend to use 1.14 ±1.7 urological pads after TPRP; 0.37 ±0.99 -- after RARP and 0.96 ±2.24 -- after EPRP. Paired intergroup comparison was performed: EPRP and RARP (p = 0.07), RARP and TPRP (p \<0.0001), TPRP and EPRP (p = 0.006).

Urinary continence at 12 months (0 pads) was achieved for 72.7% patients. In TPRP group 52.2% patients, were continent compared to 83.3% in RARP and 81.8% in EPRP group (p \<0.001).

Multiple logistic regression was used to predict complete continence in the surgical treatment of PC. Factors reducing possibility of full urine continence are patient age (CI 95% 0.866--0.983; p = 0.013) and volume of prostate (CI 95% 0.976--1.0; p = 0.045). Nerve-sparing increases possibility of urinary continence (CI 95% 1.27--6.549; p = 0.011). Application of robotic technology was also a significant factor (p = 0.049).

Better scores in ICIQ-SF were observed with nerve-sparing: 9.23 ±6.59 and 3.86 ±5.38 after 3 and 12 months respectively, which is significantly better than after RP without nerve-sparing: 14.27 ±5.1 and 6.15 ±4.76 scores (p \<0.001). Number of pads at 12 months is lower in the group with nerve-sparing RP (0.71 ±1.74 vs. 0.94 ±1.58; p \<0.006).

Erectile function {#sec3.2}
-----------------

When analyzing data acquired via IIEF-5, the results of 57 patients were included, whose data in the preoperative period was ≥19 scores (TPRP, n = 15; RARP, n = 15; EPRP, n = 27). Initial data of selected patients before prostatectomy did not manifest any statistically significant distinctions: 19.4 ±0.5 scores in case of TPRP; 20.2 ±1.65 -- in case of RARP and 20.8 ±0.78 -- in case of EPRP (p = 0.154).

At 12 months post-op, the IIEF-5 score for these patients was 14.67 ±9.4, 4.2 ±4.26 and 4.0 ±2.07 scores after RARP, TPRP and TPRP, respectively (p = 0.002) ([Figure 2](#f0002){ref-type="fig"}).

![Erectile function as per IIEF-5 score after surgery.\
TPRP -- transperitoneal, robot-assisted, EPRP -- extraperitoneal](CEJU-71-1739-g002){#f0002}

When sorting the groups according to nerve-sparing technique application, it was discovered that patients after RP without NP had significant erectile dysfunction or complete loss of this function, when compared with patient groups with NP (5.0 (0--10.0) vs. 6.5 (0.8--19.0) score; p = 0.271): 96.2% vs. 72.2% (p \<0.001).

Oncologic results {#sec3.3}
-----------------

When assessing early oncologic results, the share of 'censored' cases (cases without biochemical recurrence) was 92.2%. Average recurrence-free period for all the patients was 11.57 ±0.11 months (CI 95% 11.35--11.79). Kaplan-Meier curve shows more than 90% probability of RFP before expiration of the annual observation term in all patients who underwent RPE.

In the Cox regression model, the following factors were set as statistically significant predictors of RFP influence after PC surgical treatment: laparoscopic approach, NP, T-stage, high PSA level before surgery, Gleason score, as per the data used for ROC-curve plotting AUC value was 0.894 ±0.028 (CI 95% 0.839--0.950) which shows the high quality of this prognostic model ([Figure 3](#f0003){ref-type="fig"}).

![Receiver operating characteristic curve of Cox regression model of recurrence-free period after radical prostatectomy.](CEJU-71-1739-g003){#f0003}

Method of multiple logistic regression analysis was applied for forecast of biochemical relapse after annual observation period. The following factors showed statistically significant influence on relapse cases among tentative predictors: surgical approach (p = 0.005), NP (p \<0.001) and PSA level before surgery (p = 0.012). As per the data of ROC-curve plotting AUC value was equal to 0.934 ±0.021 (CI 95% 0.893--0.975) (p \<0.001), and this proves the high quality of the prognostic model.

There was no recurrence in RARP group, which was significant comparing to other methods (p = 0.001). Average RFP in cases of TPRP and EPRP were equal to 11.16 ±0.28 months and 11.46 ±0.21 months, respectively, and they did not manifest statistically significant distinctions from each other.

PSA after 3, 6 and 12 months of observation were: after TPRP PSA levels -- 0.16 ±0.54, 0.07 ±0.012 and 0.11 ±0.19; after RARP the values -- 0.02 ±0.04, 0.02 ±0.04 and 0.03 ±0.05; after EPRP -- 0.06 ±0.08, 0.1 ±0.12 and 0.53 ±1.87 (p \<0.01). PSA levels were higher in patients after EPRP, and were minimal for patients after RARP (p \<0.001).

After RP with NP -- 0.093 ±0.36, 0.066 ±0.11 and 0.105 ±0.17 respectively; after RP without NP -- 0.035 +/-0.05, 0.051 ±0.08 and 0.389 ±1.73 (p = 0.94) ([Figure 4](#f0004){ref-type="fig"}).

![Dynamic changes of prostate-specific antigen (PSA) levels (ng/ml) 3, 6 and 12 months after surgery depending on nerve preservation (NP).](CEJU-71-1739-g004){#f0004}

When assessing patient RFP depending on NP, censored cases account for 94.9% for procedures without NP, and 90.2% after surgery with NP. Difference in RFP in cases of nerve sparing RP and RP without NP were statistically insignificant: 11.47 ±0.16 vs. 11.77 ±0.15 mo (p = 0.217).

Significant difference in the duration of the recurrence-free period, without elevation of PSA, dependent on NP was obtained among patients who underwent TPRP. Censored cases after TPRP with NP account for 98.1%, for cases without NP -- 42.9%. All the patients without NP survived without recurrence of the pathological process during the first 12 months post-op. In case of NP, recurrence-free period was 9.00 ±0.82 (CI 65% 7.40--10.60) months (p \<0.001). In case of EPRP, statistically significant distinctions between surgery with NP and without NP were not found: 11.60 ±0.22 vs. 11.14 ±0.21 mo (p = 0.320).

Biochemical recurrence occurred more often after TPRP (16.0%) and EPRP (9.1%; p = 0.05). Positive treatment results were more persistent with RARP: there were no patients with early biochemical recurrence (p = 0.001).

A year after surgery, satisfactory life quality was achieved in 94.8% of respondents (according to QoL). The best QoL improvement was after RARP (p = 0.002) (40.0% -- 'good'). In TPRP and EPRP 'generally satisfactory' prevailed (56.0% and 27.3%, respectively, p \<0.001). NP correlated with a statistically significant improvement of life quality: 1.63 ±1.16 vs. 1.88 ±1.02 (p = 0.035).

DISCUSSION {#sec4}
==========

As a result of in-group comparison, blood loss volume was significantly less in case of TPRP surgery than after RARP (p = 0.017), but when compared to EPRP, the difference was insignificant (p = 0.878).

According to the ICIQ-SF survey of urine continence, a tendency to progressive improvement of results can be seen: higher rates of insignificant and mild incontinence towards the 3^rd^--12^th^ months post-op, less incidence of severe incontinence. Noticeable differences from other approach methods can be seen in the robotic-approach (p \<0.001) -- only after a RARP mild incontinence (2.73 ±3.77 scores) is present, and 60.0% of patients did not have any signs of incontinence at all (p \<0.0001) \[[@cit0015]\].

When analyzing the effect of operative approach on the restoration of erectile function, we obtained volatile data. The IIEF-5, at 12 months post-op, was 14.67 ±9.4 for 15 patients who received robot-assisted prostatectomy, 4.2 ±4.26 for 15 patients after TPPE, 4 ±2.07 for 27 patients after EPRP (p = 0.002). This shows a greater retention of erectile function in patients after a robot-assisted prostatectomy. Bowel complications are usually associated with languid intestinal motility, more expressive pain and lead to longer hospital stay. In the present study, we did not encounter any of these complications. Several factors influence the achievement of optimal postoperative results: laparoscopic approach, NP, T-stage, PSA levels preoperatively, and Gleason score. These factors have a high prognostic value in regard to tumor recurrence (ROC curve). The fact that a laparoscopic approach accounts for slightly less quality of functional results can be due to the fact that trocars were placed 2 cm higher than the traditionally used port localization. This leads to less mobility for the surgeon when performing the prostatectomy (with or without NP), which can have a negative effect on urine continence and erectile function as well as the ability of precise dissection of the prostate apex, where the positive surgical margin is most often located.

Since the primary goal of NP is retention of the erectile function, not only is high precision a priority, but also minimal electrosurgical intervention in the cavernous nerve zone is required. This is why several authors \[[@cit0016]\] have noted that implementation of this technique requires longer operative time and greater blood loss. When analyzing general operative data such as blood loss (p = 0.073) and operative time (p = 0.064), we did not find any statistically significant difference.

Due to classification of neurovascular bundle preservation (full/partial/no-preservation), we subjectively suppose, that intrafascial NP provides for a complete bundle conservation.

In our study, NP influenced the functional postoperative results. Initially, NP was implemented to save erectile function in eligible patients, however, this endpoint was achieved fully (IIEF-5 ≥19) only in 12.0% of patients (p \<0.001), and a complete loss of erectile function after a RP 12 months postoperatively did not occur. More so, NP in patients with complete neurovascular bundle conservation correlated with lower risk of erectile dysfunction (46.0% vs. 88.5%, p\< 0.001).

Influence of NP on urine continence is still a topic of discussion \[[@cit0015], [@cit0017], [@cit0018]\]. Our data suggest that complete urine continence was achieved in the group of patients who underwent nerve-sparing RP (82.4% vs. 53.8%, p \<0.001). More so, patients in this group who manifested with incontinence, had mild and moderate incontinence according to the ICIQ-SF-score, when severe and very severe incontinence were characteristic of RP without NP (p \<0.001). Nerve-sparing RP positively improved integral patient quality of life characteristics (p = 0.035).

Despite the fact that most authors point out a lack of correlation between method of approach and oncological treatment results, our data provides a basis to propose a possible improvement of oncological treatment results with the RARP. Minimal PSA levels of 0.03 ±0.05 (p \<0.01) and a minimal incidence of biochemical recurrence was noted for the patient group with robot-assisted prostatectomy. Meanwhile there was no significant correlation between NP and PSA levels (p = 0.94), median recurrence-free period was not statistically different (p = 0.217).

Our study has some limitations; it was a single-centre, single-surgeon, short series with short follow-up research and a retrospective design.

CONCLUSIONS {#sec5}
===========

In our study, the nerve-sparing technique correlated with higher urine continence and erectile function. These advantages are achieved without loss of operative radicalism, which allows us to suggest that the nerve-sparing technique is an advisable and viable method of incontinence and erectile dysfunction prevention when performing a RP in select patient groups. The most visible positive dynamics are characteristic of the RARP group, in which patient continence scores were more favorable. Most patients in the RARP group showed quicker rehabilitation times and generally better postoperative results.
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